The mandibular foramen, located on the internal surface of the mandibular ramus, is an important anatomical landmark for the success during the inferior alveolar nerve block. This cross-sectional retrospective study aimed to evaluate the location of the mandibular foramen through Cone-Beam Computed Tomography (CBCT) in different facial shapes.
INTRODUCTION
The mandibular foramen is an irregular foramen located on the internal surface of the mandibular ramus, slightly above the center of the medial aspect of the mandibular ramus. The inferior alveolar nerve and vessels pass through the mandibular with age, as it may be at the level of the occlusal plane in primary dentition and at a higher position in permanent dentition. Studies have demonstrated that there are racial differences in mandibular anatomy. Differences in measurements, morphology and biology are found between the three major racial phenotypes: Caucasian, mongoloid and negroid [4] . As the face grows, different mandibular growth and tooth eruption patterns result in variations in the location of the mandibular foramen. Several studies evaluated the location of the mandibular foramen in individuals of different ages and racial phenotypes, and some found that mandibular growth patterns may be affected by facial morphology [5] .
The facial shape may affect the treatment plan because variations between individuals suggest changes in the structural position of certain anatomic landmarks. Facial shape, also called craniofacial shape, may be classified as: dolichocephalic-long and narrow face; brachycephalic-short and broad face; and mesocephalic-intermediate type [6] . In addition to facial shapes, malocclusions may affect the location of the mandibular foramen. Differences in mandibular dimensions are found in patients with skeletal class I (normal), class II and class III relationships [7] .
According to [8] the mandibular foramen cannot be palpated clinically and its location is variable at the medial surface of the mandibular ramus. Nevertheless, determining its exact location is very important to the oral and maxillofacial surgeon for the relevant anesthetic and surgical ramus procedures.
Studies conducted to define the location of the mandibular foramen have used radiographic (panoramic and cephalometric) anatomic landmarks and computed tomography [9] . Recent advances in the imaging techniques of Cone Beam Computed Tomography (CBCT) have added safety to oral and maxillofacial surgeries. The most significant advantage of CBCT is that images have very small differences in magnification and distortion and thus provide accurate and reliable data [10] .
The use of CBCT scans seems to be the best method to evaluate the location of the mandibular foramen, because CBCT images provide data for a detailed and accurate analysis, as well as for planning that is adequate to the treatment indicated, particularly in the case of surgical procedures that involve the mandibular ramus [3] .
This study used CBCT to determine the location of the mandibular foramen according to possible clinical implications of anteroposterior and vertical anatomic variations in the mandibular ramus of different facial shapes.
MATERIALS AND METHODS

Patients
From a total of 613 CBCT scans of patients seen at the Radiology Center of the São Leopoldo Mandic School of Dentistry, in Campinas, Brazil, from January 2015 to December 2016, 120 met the inclusion criteria and were included in the sample. This study was approved by the Ethics Committee, Center for Dental Research and Faculty of Dentistry São Leopoldo Brazil (protocol #1.432.883) . The CBCT used were taken from a database of patients who would undergo orthodontic treatment.
Procedure
The cephalometric analysis produced the Jarabak index, calculated as posterior facial height (S-Go) to anterior facial height (N-Me) times 100%. These values were used to classify patients into three groups of 40 each: mesocephalic, dolichocephalic and brachycephalic. Patients were 18 to 25 years old, with no significant differences in sex or occlusion relationship. Skeletal malocclusion was determined using A-Po (Ricketts) facial convexity.
Radiographic Examination
The images were acquired using an i-Cat scanner (KAVO, Imaging Sciences International Hatfield, PA), ad medium 5x5 angio sharpen filter and the scanner's Xoram software according to the following parameters: 120 KvP, 36 mA and exposure time of 20 seconds. CBCT images were acquired as digital imaging and communication in medicine (DICOM) format and had a safety code or number, which blocked changes and ensured their legal validity. The positioning of CBCT images was standardized before the sections were selected for measurements. The radiologist responsible for the imaging studies used the i-CAT scanner's Xoram 3.1.62 software. The same professional performed standardization and measurements of CBCT scans that were previously selected, at different time points.
Cone Beam Computed Tomography (CBCT) Analysis
The Mandibular Foramen (MF) was located together with the opening of the mandibular canal. The deepest point of the anterior border of the mandibular ramus was called 'a', and the lowest point of the mandibular notch was called 's'. The comparison of anterior and posterior positions of the mandibular foramen was defined by the measurement of the distance (D, in mm) between 'a' and MF and the shortest distance (W, in mm) between 'a' and the posterior border of the mandibular ramus. The vertical position of the mandibular foramen was assessed using the distance (V, in mm) between 's' and MF and the shortest distance (R, in mm) between 's' and the inferior border of the mandible ( Table 1) . CBCT images were reconstructed in a panoramic view. All distances were measured on both sides of the mandibular ramus. The measurements were determined by tracing the selected image structures, as shown in Fig. (1) . Firstly, measurements were made in the three groups of patients (mesocephalic, brachycephalic and dolichocephalic). After that, comparisons of individuals of the same sex were made between the three groups. After men and women in the same group were compared, comparisons between patients according to skeletal class (I, II and III) were made.
Statistical Analysis
Initially, all variables were tested using the Levene tests to check homogeneity of variance and the Shapiro-Wilk test to test normal distribution. All variables with or without reciprocal transformation had a normal distribution and homogeneous variance. All numeric variables for the three facial forms were compared using Analysis of Covariance (ANCOVA) followed by the Tukey test, considering the patient's age as the covariable. A Chi-square test was used to compare facial forms. Two-way ANOVA, followed by the Tukey test, was used to detect differences between facial forms, considering sex and malocclusion or skeletal class, and the variables D, W, R and V, as well as the W/D and V/R ratios. The possible associations between W, D, R, V, W/D and R/V were analyzed using the Pearson correlation test considering all the facial forms, together and separately. The level of significance was set at 5% (p<0.05) for all the tests. The statistic programs used in the analysis were GraphPad Prism 7.0, BioEstat 5.0 and Systat 13.0. Table 2 shows the profile of individuals in each group and reveals that there were no statistically significant differences between groups in the distribution of participants according to sex, although there was a clear predominance of women (p<0.0001) in the sample. There were no statistically significant differences among groups in the distribution of class I, II and III relationships, but there was clearly a smaller number of participants with class III malocclusion (p<0.0001) than with class I and II in the three groups.
RESULTS
There was also a greater proportion of skeletal class I (according to A-Po) relationship among brachycephalic individuals than in the other groups; in the dolichocephalic and mesocephalic groups, there were more participants with class II malocclusion. The mandibular plane angle of dolichocephalic participants was higher (open angle), and there was a greater proportion of angles close to normality in the brachycephalic and mesocephalic groups. Due to variability, maxillary and mandibular protrusion or retrusion, as well as individual bite patterns, were not evaluated. Table 3 shows the cephalometric values for each study group. There was no effect of age on any of the cephalometric results. Dolichocephalic individuals had greater facial convexity, inferior facial height (Ricketts) and FMA (Tweed) than mesocephalic and brachycephalic participants; in mesocephalic individuals, in turn, these values were greater than those found for brachycephalic participants. In the brachycephalic group, facial axis angle, facial depth and mandibular arch (Ricketts) were significantly greater than in both dolichocephalic and mesocephalic groups, but the mesocephalic group had greater measures than those in the dolichocephalic group. Therefore, the cephalometric landmarks studied here may be used to characterize facial forms and confirm the facial patterns, initially determined in our sample using the Jarabak analysis. The ramus width (W), the distance from the mandibular foramen to the deepest point of the anterior border of the mandibular ramus (D), the distance from the mandibular foramen to the lowest point of the mandibular notch (V) and the distance from the inferior border of the mandible to the lowest point in of the mandibular border (R), as well as W/D and V/R, are shown in ( Table 4 ). W was highest in the brachycephalic group, followed by the mesocephalic and then the dolichocephalic groups, and this difference was statistically significant. Both D and R were also greater in the brachycephalic than in the dolichocephalic group, but these measures were not different between these two groups and the mesocephalic group. The values of V, as well as W/D and R/V, were not significantly different between groups. The values of W were significantly different between patients with skeletal class I, II and III relationships in the brachycephalic group when compared with those in the mesocephalic and dolichocephalic groups, as shown in (Table 5 ). . (1) . Pattern of tomographic measurements used in the study (Wmandibular ramus width; D-distance from mandibular anterior border to mandibular foramen; R-Height of mandibular ramus; V-Distance from mandibular notch to mandibular foramen; FM-mandibular foramen; a-Deepest point of anterior mandibular border; s-Lowest point of mandibular notch. Table 6 shows the values of W, D, R and V, as well as W/D and R/V, considering all facial forms together or separately. The values of W/D were not correlated with those of R/V in any of the facial forms or in the whole group of patients. This indicates that there is no important association between height and width of the mandibular ramus. This finding was the same for all the measures assessed, regardless of facial form.
DISCUSSION
Several studies have investigated the location of the MF and its distance to neighboring structures. The determination of MF location in dentistry is essential for the success of the mental nerve block, as this technique requires the exact positioning of the needle close to the MF [11] . It is important for the prevention of surgical complications that may involve anatomic variations such as multiple mental foramina [12, 13] . In this context, the size, length and width of the mandibular ramus have individual variations, and unexpected changes in a treatment plan may be necessary if the patient's facial form is not taken into consideration during diagnosis. Moreover, both clinicians and patients want a predictable and successful inferior alveolar nerve block (IANB). If the clinician can accurately recognize the anatomical location of the mandibular foramen and inject the anesthetic into the pterygomandibular space, the IANB success rate would be increased [14] . Dos Santos Oliveira et al. [15] observed that facial type was significantly associated with the path and morphological variations of the mandibular canal, independently of the side of the face studied, age, and sex.
There were no significant differences in sex, although our study sample was composed of mostly women with skeletal class II malocclusion, according to the A-Po values using Ricketts analysis. This result is similar to samples reported in other studies about the position of the mandibular foramen [3, 7] . Of the measures associated with the position of the mandibular foramen in our study and correlated with facial form, only the width of the mandibular ramus (W) was greater in brachycephalic individuals, regardless of skeletal relationship (class I, II, or III) or sex, than in dolichocephalic and mesocephalic individuals. Similar W values were reported by Park and Lee [3] , who also did not find any differences between sex and malocclusion. In a study about the anatomic location of the mandibular foramen using CBCT [16] , differences between sexes in mandibular ramus width in individuals with different relationships (class I, II or III) were not found. A study with children did not find any differences in the width of the mandibular ramus between boys and girls [17] . Although our sample was composed of mostly women, sex did not affect our results.
Park and Lee [3] found a difference in the distance of the mandibular lower border from 's' (R) in the group of class II individuals, in which R was smaller than in the groups of the other skeletal classes. In our study, most participants with class II malocclusion had a dolichocephalic facial form, and a smaller number of individuals had a brachycephalic form. When considering the predominance of dolichocephalic form and class II relationship, our results were similar to those reported by two authors. The distance between MF and the occlusal plan may be affected by age and the patient's vertical growth pattern. This distance seems to be greater in individuals with a short face than in those with a long face. This distance may be shorter in individuals with a dolichocephalic facial form during growth because of several factors. The intermaxillary angle in individuals with a long face is greater than in individuals with a short (brachycephalic) or normal (mesocephalic) face [7] . The distance from the mandibular notch to the FM in our study was shorter in the dolichocephalic group. Park and Lee [3] found lower values in the group of individuals with class II relationships. After the analysis of results, this study showed that the MF is more posteriorly located horizontally in individuals with a brachycephalic facial form than in those with a dolichocephalic form according to the values of D. The values of V showed that the MF is located at a lower position vertically in the brachycephalic group of individuals and at a higher position in the dolichocephalic group. Thus, the anatomic data found in this study may help dentists to increase the success of the inferior alveolar nerve block and prevent surgical complications.
CONCLUSION
Sex did not affect the results, and there were no significant associations between height and width of the mandibular ramus, regardless of facial form. The localization of the mandibular foramen was, in the horizontal direction, more posterior in the brachycephalic patients and, in the vertical direction, higher in the dolichocephalic patients when compared to the other groups analyzed.
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